Introduction
============

Acute myeloid leukemia (AML) is a common type of hematological malignancy in elderly people, with the median age of 68 to 72 years at diagnosis and approximately one-third of newly diagnosed patients aged ≥75 years.^\[[@R1],[@R2]\]^ Survival is age-dependent with lower rates in elderly patients. Thus, elderly patients with AML should be carefully managed.

Achieving complete remission (CR) of AML is a requisite end-point for prolonged survival, and data from large population registries have validated the use of intensive induction approaches over less-intensive therapies in patients aged ≥80 years.^\[[@R3]\]^ Thus, intensive remission induction chemotherapy (IC) should be the first choice for elderly patients with AML. However, the clinical outcomes of ICs for elderly patients with AML are often compromised by comorbid conditions and enhanced susceptibility to toxicities from therapy.^\[[@R4]\]^ Selecting patients who are suitable to receive intensive IC is critical to improve clinical outcomes of elderly patients with AML.

Over the last few decades, geriatricians have developed comprehensive geriatric assessment (CGA) methods for elderly patients, which are useful for the evaluation of cancer patients.^\[[@R5],[@R6]\]^ Several studies have shown that CGA can predict the clinical outcomes of elderly patients with AML and may identify patients who would benefit from aggressive therapy^\[[@R7]--[@R9]\]^; however, the tools used for CGA were complicated and not uniform.^\[[@R10]\]^

Recently, Miura *et al*^\[[@R11]\]^ proposed the age, comorbidities, and albumin (ACA) index, which is simple to use in elderly patients with diffuse large B-cell lymphoma (DLBCL) treated with rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone. Combining the use of instrumental activities of daily living (IADL) and the ACA index, we propose a new and more effective CGA system (ie, IACA index), which can effectively predict the outcomes of the elderly DLBCL patients.^\[[@R12]\]^ Because the IACA index is simple to use, we suggested that it can also predict the clinical outcomes and guide the therapies in elderly patients with AML.

In this pilot study, we aimed to validate the efficacy of the IACA index in the elderly patients with AML.

Methods
=======

Ethical approval
----------------

The study was conducted in accordance with the *Declaration of Helsinki.* The study protocol was approved by the Ethics Committee of Beijing Hospital (No. 2018BJYYEC-154-02). Informed consent was obtained from all patients.

Patients
--------

In this pilot study, patients ≥60 years of age who had been diagnosed with AML between May 5, 2011, and April 30, 2017, in the Department of Hematology, Beijing Hospital, China, were screened for eligibility. The final follow-up visits for survival analysis were conducted on May 31, 2018.

Therapeutic regimens
--------------------

The decision to treat a patient and choice of type and intensity of treatment depends on the clinical judgment of the attending physician, who was blinded to the results of the IACA index in this study. Thirty-five patients received IC; the most common regimen was HA (harringtonine 2.0--2.5 mg·m^−2^·day^−1^ for 7 days and cytarabine 100--200 mg·m^−2^·day^−1^ for 7 days; *n* = 15, 42.9%), followed by CAG ± decitabine (granulocyte colony-stimulating factor 300 μg·m^−2^·day^−1^ for 15 days, aclacinomycin 20 mg·m^−2^·day^−1^ for 4 days, cytarabine 20 mg·m^−2^·day^−1^ for 14 days, and/or decitabine 20 mg·m^−2^·day^−1^ for 5 days; *n* = 14, 40.0%) and DA (daunorubicin 45--60 mg·m^−2^·day^−1^ for 3 days and cytarabine 100 mg·m^−2^·day^−1^ for 7 days; *n* = 3, 8.6%). One patient was diagnosed as AML-M3 according to morphology, but his *PML-RARA* was negative and the karyotype was normal; therefore, he received induction and consolidation chemotherapies which were the same as the therapies used to treat the non-acute promyelocytic leukemia AML patients. Four patients received decitabine as single drug treatment (20 mg·m^−2^·day^−1^ for 5 days; decitabine group). Twenty-two patients received the best supportive care (BSC group).

IACA index
----------

The IACA index was comprised of four risk factors: IADL scales (8 *vs.* 6--7 *vs.* 5), advanced age (\>75 years), hypoalbuminemia (\<3.4 g/dL, the lower limit of normal serum albumin levels in Beijing Hospital), and high burden of clinical comorbidities (Charlson Comorbidity Index \[CCI\] score of ≥3) \[Table [1](#T1){ref-type="table"}\]. Based on the IACA index score, patients were categorized into low- (0 point), intermediate- (1--2 points), and high-risk (≥3 points) groups.^\[[@R11]\]^

###### 

Instrumental activities of daily living, age, comorbidities, and albumin index.
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Definitions and assessments
---------------------------

Comorbidities at diagnosis were assessed based on CCI scores.^\[[@R13]\]^ Patients' ability to perform ADLs was assessed based on IADL scales.^\[[@R14]\]^ Toxicities of therapy were rated according to the World Health Organization criteria.^\[[@R15]\]^ High leukocyte counts at diagnosis were defined as ≥50 × 10^9^ cells/L. The cytogenetic classification was based on the National Comprehensive Cancer Network criteria.^\[[@R16]\]^ CR was defined as a morphologic leukemia-free state, including \<5% blasts in the bone marrow, no blasts with Auer rods, no persistent extramedullary disease, and patients with incomplete platelet count recovery (\<100,000) who were transfusion independent.^\[[@R17]\]^ Relapse or disease progression was defined according to the criteria proposed by Cheson *et al*^\[[@R17]\]^ Overall survival (OS) was defined as the time from the date of diagnosis to the date of death from any cause or last follow-up for censored patients. Patients without OS events were censored based on the last date with valid information for that end-point. Treatment-related mortality (TRM) was defined as death without evidence of disease relapse or progression. Relapse/progression-related mortality was defined as death with evidence of disease relapse or progression.

Statistical analyses
--------------------

Among the IACA low-, intermediate-, and high-risk groups, continuous variables were compared using the Mann-Whitney *U* test; categorical variables were compared using *χ*^2^ and Fisher exact tests. In addition, the probabilities of OS were calculated using the Kaplan-Meier estimator.

Hazard ratios (HRs) for OS were estimated using univariate and multivariate Cox regression analyses. Factors included in the regression model were high leukocyte counts at diagnosis (yes *vs.* no), myelodysplastic syndrome-transformed AML (yes *vs.* no), cytogenetics (poor *vs.* intermediate *vs.* favorable), achieving CR (yes *vs.* no), and IACA index (high-risk *vs.* intermediate-risk *vs.* low-risk). All factors with *P* \< 0.1 in the univariate analysis were included in multivariate regression, and *P* \< 0.05 was considered statistically significant. All reported *P*-values were based on two-sided tests. Data analyses were primarily conducted using SPSS software (SPSS Inc., Chicago, IL, USA), while the R software package (version 2.6.1; [http://www.r-project.org](http://www.r-project.org/)) was used for competing risk analysis.

Results
=======

Patient characteristics
-----------------------

Table [2](#T2){ref-type="table"} summarizes the characteristics of 61 patients, and Table [3](#T3){ref-type="table"} shows the characteristics of comorbidities. Among them, 21, 34, and 6 patients were categorized into IACA low-, intermediate-, and high-risk groups, respectively. In the high-risk group, compared to patients showing low IADL scores, a higher number of patients showed multiple comorbidities (CCI score, ≥3) at diagnosis. Most patients in the low-risk group received IC regimens, while all patients in the high-risk group received BSC.

###### 

Patient characteristics according to IACA index.
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###### 

Characteristics for comorbidities at diagnosis.
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Toxicities and TRM
------------------

A total of 39 patients received IC (*n* = 35) or decitabine (*n* = 4) after diagnosis. Table [4](#T4){ref-type="table"} summarizes the grade ≥3 toxicities. Hematologic toxicities were the most common (92.3%), followed by infectious (43.6%), cardiovascular (7.7%), central nervous system (5.1%), and gastrointestinal toxicities (5.1%).

###### 

Toxicities after therapies (Grade ≥ 3 toxicities).
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Sixteen patients died because of TRM. The most common cause of TRM was infection (*n* = 11), followed by massive hemorrhage (*n* = 2), cerebrovascular accident (*n* = 2), and myocardial infarction (*n* = 1). For the 39 patients who received therapy after diagnosis, the rates of TRM were comparable between IACA low- and intermediate-risk groups (36.8% *vs.* 45.0%; *χ*^2^ = 0.27, *P* = 0.605), as well as between the decitabine and IC groups (25.0% *vs.* 42.9%; *χ*^2^ = 0.47, *P* = 0.631).

Response and relapse
--------------------

Among the 39 patients receiving therapies after diagnosis, 19 (48.7%) achieved CR, and the rate of CR was significantly higher in the IACA low-risk group compared with that of the intermediate-risk group (68.4% *vs.* 30.0%, *χ*^2^ = 5.76, *P* = 0.016), and the rates were comparable between the decitabine and IC group (50.0% *vs.* 48.6%, *χ*^2^ = 0.003, *P* = 1.000).

All IACA high-risk patients received BSC and died from disease progression. The rate of relapse/progression-related mortality was 23.8%, 58.8%, and 100.0% in the IACA low-, intermediate-, and high-risk groups, respectively (*χ*^2^ = 12.81, *P* \< 0.001). The rate of relapse/progression-related mortality was 95.5%, 50.0%, and 22.9% in the BSC, decitabine, and IC groups, respectively (*χ*^2^ = 28.49, *P* \< 0.001).

Overall survival
----------------

The 2-year probability of OS was 27.5% (95% confidence interval \[CI\] 15.4%--39.6%) in the total population. The 2-year probabilities of OS were 47.7% (95% CI 22.8%--72.6%) and 20.2% (95% CI 5.9%--34.5%) in the IACA low- and intermediate-risk groups, respectively (*χ*^2^ = 5.99, *P* = 0.014), which were significantly higher than those in the high-risk group (low-risk \[47.7% (95% CI 22.8%--72.6%)\] *vs.* high-risk \[0\], *χ*^2^ = 20.80, *P* \< 0.001; intermediate-risk \[20.2% (95% CI 5.9%--34.5%)\] *vs.* high-risk \[0\], *χ*^2^ = 7.56, *P* = 0.006; respectively) \[Table [5](#T5){ref-type="table"}, and Figure [1](#F1){ref-type="fig"}A\]. The 2-year probability of OS in IC group was 42.6% (95% CI 24.6%--60.6%), which was higher than that in the decitabine (25.0% \[95% CI 0--82.2%\]; *χ*^2^ = 3.87, *P* = 0.049) and BSC groups (4.5% \[95% CI 0%--15.8%\]; *χ*^2^ = 30.12, *P* \< 0.001) \[Table [5](#T5){ref-type="table"} and Figure [1](#F1){ref-type="fig"}B\].

###### 

Two-year overall survival of the patients.

![](cm9-133-381-g005)

![Overall survival according to instrumental activities of daily living, age, comorbidities, and albumin (IACA) index (A) and therapy regimens (B). IC: Induction chemotherapy; BSC: Best supportive care.](cm9-133-381-g006){#F1}

In the IACA low-risk group, the 2-year probability of OS in patients receiving IC (50.8%, 95% CI 24.1%--77.5%) was significantly higher than that in those receiving BSC (0, *χ*^2^ = 25.74, *P* \< 0.001). In the IACA intermediate-risk group, the 2-year probability of OS in patients receiving IC was 34.3% (95% CI 9.8%--58.8%), which was higher than that in patients receiving decitabine (0, *χ*^2^ = 12.47, *P* \< 0.001) and BSC (7.1% \[95% CI 0--24.6%\], *χ*^2^ = 8.74, *P* = 0.003).

In the multivariate analysis, high leukocyte counts at diagnosis, achieving CR, and IACA index were independent factors associated with OS \[Table [6](#T6){ref-type="table"}\].

###### 

Univariate and multivariate analyses of variables for overall survival.
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Discussion
==========

In this pilot study, we observed that the IACA index could predict the clinical outcomes in elderly patients with AML. It is suggested that the IACA index is a concise and effective assessment of age, functional status (IADL scale), nutritional status (serum albumin), and comorbidity (CCI score) of elderly patients. Thus, we attempt to propose a simple and effective tool for CGA that may be suitable for elderly AML patients.

A complete geriatrician\'s assessment on the functional status should include the assessment of the patient\'s abilities to complete IADL skills, which are required to perform independent tasks in the community.^\[[@R18]\]^ The evaluation of IADL skills can substantially add to the functional information provided by ECOG and Karnofsky performance status values, particularly in patients \>80 years old.^\[[@R5],[@R18]\]^ The IADL scale is important for a geriatrician\'s assessment of patients with DLBCL,^\[[@R19]\]^ multiple myeloma,^\[[@R20]\]^ and chronic lymphoblastic leukemia.^\[[@R21]\]^ Klepin *et al*^\[[@R22]\]^ observed that 40.7% of elderly patients with AML reported impaired IADLs, and Wedding *et al*^\[[@R23]\]^ observed that impaired IADL score (HR = 4.3, *P* = 0.001) significantly predicted median survival.

Elderly adults with AML commonly present with comorbidity at the time of diagnosis, which is another important factor affecting treatment decisions for AML in elderly patients. Comorbidity burden is typically measured using standardized indices, such as the CCI. Tawfik *et al*^\[[@R24]\]^ reported that elderly patients with AML (≥60 years) had a higher comorbidity burden (CCI of ≥1, 58% *vs.* 26%, *P* \< 0.001). In this study, 30 (49.2%) patients showed CCI \>1, and 15 (24.6%) showed CCI ≥3. In addition, Etienne *et al*^\[[@R25]\]^ reported that patients with CCI of \>1 were less likely to achieve CR. Thus, some authors suggested that comorbidity scoring integrating patient- and disease-specific features may be the best way to define patients as fit and unfit for induction with intensive AML therapy.^\[[@R26]\]^

The 2-year OS rate was only 27.5% but can be approximately 50% in the low-risk group. This may be due to the fact that most patients in the low-risk group received IC. Juliusson^\[[@R27]\]^ reported that intensive AML chemotherapy may improve elderly patients' survival, even in those aged \>70 years. Medeiros *et al*^\[[@R28]\]^ reported that approximately 60% of elderly patients with AML remain untreated after the diagnosis; however, the use of anti-leukemic therapy was associated with a survival benefit in the elderly cohort. IC may lead to a substantially increased risk of early death in elderly patients with AML compared with younger patients,^\[[@R29]\]^ and CGA may help identify patients who were fit for IC. Some studies showed that fit elderly patients with AML can tolerate IC.^\[[@R30],[@R31]\]^ We observed that the TRM rate was 42.9% in the IC group, and the 2-year OS rate was significantly higher in the IC group than that in the BSC group, particularly in the low-risk group. Therefore, IACA low-risk elderly patients with AML should receive IC after diagnosis.

Decitabine has also been investigated in elderly patients with AML who were not fit to receive IC.^\[[@R32]\]^ In the study by Lübbert *et al*,^\[[@R33]\]^ decitabine is well tolerated by elderly, medically non-fit patients with AML. The median OS was 5.5 months, and the 1-year survival rate was 28%. In addition, the remission rate was higher in decitabine compared with the BSC group,^\[[@R34]\]^ and decitabine therapy may also be associated with similar survival rates as IC in elderly patients with AML.^\[[@R35]\]^ In this study, the 2-year OS was 25% in the decitabine group, which was similar to that of the previous studies.^\[[@R34]\]^ Only one patient receiving decitabine as the single drug treatment in low-risk group achieved long-term survival; however, the 2-year OS rate was poorer in the decitabine group compared to that of the IC group among the IACA intermediate-risk patients. Because only a small number of patients belong to the decitabine group, it is premature to conclude the superiority of IC over decitabine in elderly patients with AML in the present study.

This study has several limitations. First, this is a retrospective study with a relatively small number of elderly patients with AML, particularly for high-risk patients, which would have influenced the accuracy of our findings. In addition, patients in the IC group received different chemotherapy protocols, which may influence the interpretation of results. However, we observed that most of the patients received HA or CAG ± decitabine chemotherapy (29/35). Since the patient number was limited, the usefulness of the IACA index and IACA index directed therapy in the geriatric AML patients need to be further evidenced in an expanded cohort of patients in a prospective multicenter study.

In this pilot study, we observed that the IACA index can predict the clinical outcomes of elderly patients with AML, and IACA low-risk patients may benefit from IC. Thus, we suggested that the IACA index may be a simple and effective tool for CGA in elderly AML patients.
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